Cerebellar Purkinje cells in rat express low-affinity nerve growth factor receptor during development, but rarely in normal adult animals. However, after either mechanical injury or colchicine treatment during adulthood, these cells re-express lowaffinity nerve growth factor receptor-imrnunoreactive protein. Two Purkinje cell subpopulations were defined in normal adult cerebellum by the presence or the absence of zebrin I antigen. Nevertheless, it remains an open question as to whether lowaffinity nerve growth factor receptor-immunoreactive protein can be expressed by all damaged Purkinje cells, independent of their location and their staining with antibodies against intrinsic molecular markers that reveal Purkinje cell heterogeneity, such as zebrin I. In this study, a serial-section immunocytochemical mapping of the expression zebrin I and low-affinity nerve growth factor receptor, using specific monoclonal antibodies, was carried out in colchicine-treated rats. After mechanical damage of the cerebellar cortex, co-localization of these antigens at the cellular level was also analysed in thin adjacent sections, and by using a combined immunocytochemical staining method in individual sections. The findings revealed the existence of three sub-sets of Purkinje cells: (1) two complementary groups distinctly immunoreactive to one antibody, but not to the other and (2) a third group that contained double-labelled cells. In contrast, co-expression of both antigens was never observed following mechanical lesions. The seemingly independent response to mechanical injury of Purkinje cells located in different zebrin-defined compartments, indicates that particular subpopulations of Purkinje ceils may respond differentially to traumatic injury.
Introduction
Following morphological criteria, Purkinje cells in the mammalian cerebellum constitute a remarkably homogeneous cell population. However, electrophysiological, histochemical and connectional data have defined a parasagittal parcellation of Purkinje cell in the cerebellar cortex (Scott, 1964; Armstrong et al., 1974; Groenewegen & Voogd, 1977; Kawamura & Hashikawa, 1979; Oscarsson, 1979; Chan-Palay et al., 1981 , 1982 Ingram et al., 1985; Gravel et al., 1987; Voogd et al., 1987; Dor6 et al., 1990; Gravel & Hawkes, 1990; Chen and Hillman, 1993) . Immunocytochemistry, using antibodies against certain cell-specific markers molecules including zebrin I, zebrin II and B30 antigens (Stainier & Gilbert, 1989; Hawkes, 1992) revealed parasagittal compartments of antigen-positive (P+) * To whom correspondence should be addressed. and negative (P-) Purkinje cells (for a review see Hawkes & Gravel 1991) . Based on congruent zebrin I, zebrin II and B30 expression or lack of it, two subpopulations of Purkinje cells were defined (Hawkes et al., 1985; Hawkes & Leclerc, 1987; Leclerc et al., 1988; Brochu et al., 1990; Dor6 et al., 1990) . Zebrin I, zebrin II and B30 are carried by the same subsets of Purkinje cells, indicating that these labels depict a common compartmentation of the cerebellum. These region specific Purkinje cell labels were found to delineate the organization of incoming fibres (Gravel et al., 1987; Sotelo & Wassef, 1991) . Anatomical studies carried out in mutant mice have suggested that Purkinje cells could be the crucial organizer element of parasagittal cerebellar development (Arsenio-Nunes 0300-4864/95 9 1995 Chapman and Hall MARTINEZ-MURILLO etal. et at., 1988; $otelo, 1989) ; however the scope and functional significance of cerebellar compartmentation is poorly understood. Monoclonal 192-IgG, an antibody which specifically recognizes the low-affinity nerve growth factor receptor (LNGFR), also stains alternating bands of Purkinje cells in colchicine-treated rats (Pioro & Cuello, 1988; Koh et al., 1989) . However, there is no information as to whether or not the sub-sets of Purkinje cells expressing LNGFR also express the zebrin epitopes. Pioro and Cuello (1990) reported that after colchicine treatment the Purkinje cells which possesses LNGFR-immunoreactivity (IR) appears to be the same one which contains Ql13 (zebrin), but unequivocal evidence for this was not provided.
Nerve growth factor (NGF) neurotrophic effects have been well documented in both the PNS and CNS (Levi-Montalcini & Angeletti, 1968; Cavicchioli et al., 1989; Holtzman et al., 1992) . The effects of NGF are mediated by membrane-linked cell surface receptors (NGFRs). The detailed mechanism of NGFR signal transduction is still a matter of discussion, but two types of NGFRs, low-affinity (p75-LNGFR) and highaffinity (p140trk-HNGFR) receptors, have been described (Yanker & Shooter, 1982) . The role of NGF in Purkinje cells has yet to be defined. In vitro studies have shown that, during development, Purkinje cells express NGFRs and are responsive to NGF (CohenCory et al., 1991) . GliaI cells provide trophic support to developing Purkinje cells by producing NGF, while pre-synaptic activity may modulate Purkinje cell responsiveness to NGF by regulating trophic factor receptor expression (Cohen-Co Wet al., 1993) . Although very low levels of NGF transcripts were detected in the cerebellum following post-natal development (Shelton & Reichardt, 1986; Maisonpierre et al., 1990) , a specific physiological function for NGF or NGF-like molecules within the adult cerebellum has been suggested (Fusco et al., 1991) . We have recently found (Martlnez-Murillo et al., 1993) that LNGFR-IR protein increases in adult Purkinje cells in response to cerebellar injury, suggesting that an enhanced ability to respond to neurotrophins can be added to the physiological changes that Purkinje cells undergo after a mechanical lesion. Whether the protein is derived entirely from de novo synthesis is not entirely clear. Low-affinity nerve growth factor receptor re-expression was detected during periods of axonal regeneration or growth of axons into the neuropil suggesting that de novo protein synthesis may predominate. An issue not addressed in that study is whether re-expression of LNGFR-IR occurs in any damaged Purkinje cells, or is restricted to one of the two cerebellar compartments defined by zebrin I-IR. The present study was undertaken to elucidate this question. To this end, a series of experiments involving mechanical damaging of rat cerebeUar cortex, followed by a combined histochemieal procedure to reveal LNGFR and zebrin I immunocytochemicat expression in the same cerebellar section, were carried out. In these experimental animals, co-localization of LNGFR and zebrin I at the cellular level was further analysed by using sequential immunocytochemical staining of thin serial sections. Finally, the co-localization of LNGFR and zebrin I at the cellular level was also carried out in colchicine-treated rats.
Material and methods

Animals, surgery and tissue preparation
The subjects were adult male albino Wistar rats (Charles River) of approximately 250 g body weight, kept on a normal day and night cycle, individually housed and given free access to food and water. Adequate measures were taken to minimise pain or discomfort of experimental animals. Twenty experimental animals were subdivided into shamoperated (n = 4) and operated (n = 16). Animals in the operated group were processed as follows. A group (n = 6) received, under deep anaesthesia (Equithesin, Jasen Lab., 2.5 ml kg -1 intraperitoneally), a unilateral cerebellar lesion following the same mechanical procedure as reported earlier (Martinez-Murillo et al., 1993) . Isolation of a folium by a cut through isbase in the anterior vermis, where the zebrinpositive and negative bands are clearly delineated, was also performed in another group (n = 6). The post-lesion survival time was 72 h. In addition, four rats received an injection of colchicine (75 ~tg in 20 gl saline) in the lateral ventricle and were allowed to survive for 48 h. Sham-operated rats were closed after drilling the skull and exposing the cerebellum, and processed in parallel with operated rats. Deeply anaesthetized animals were perfused transcardiaUy with 0.9% saline, followed by 400 ml of fixative (4% paraformaldehyde, 0.1% glutaraldehyde, 0.03% CaClz in 0.1M phosphate buffer (PB), pH 7.4). Perfused brains were removed, cut in small blocks containing the selected areas, post-fixed 4 h (4% paraformaldehyde in 0.1 M PB) at room temperature and cryoprotected by immersion in 30% sucrose solution in 0.1M PB at 4 ~ C. Serial 40-~tm-thick frontal frozen sections were prepared with a Leitz sledge microtome.
Immunocytochemistry
The sections were soaked in phosphate-buffered saline (PBS) containing 0.3% H202 to block endogenous peroxidase, 30 min at room temperature. The sections were then rinsed in PBS and processed for either single-or double-labelling immunohistochemistry.
The visualization of endogenous LNGFR and the polypeptide antigen zebrin I was carried out by incubating the sections in an affinity-purified mouse monoclonal antibody to rat NGFR9 (Chandler et al., 1984) (final concentration 5 ~mm1-1 and in a spent culture medium of mouse hybridoma line Ql13 (Hawkes et aI., 1985; Hawkes & Leclerc, 1987) diluted 1:500, respectively. The specific primary antibodies were diluted in PBS containing 0.01% sodium azide and 0.2% Triton X-100. Incubation of sections in the specific primary antibody was carried out overnight at 4 ~ C. The remaining operations were performed at room temperature.
